Chemical composition of four selected fruit pomaces (agro-industrial wastes) was evaluated. The effect of temperature, time, acid concentration and solid:liquid (S:L) ratio on dilute-acid hydrolysis of selected pomaces were investigated using 2 4 factorial and central composite design and optimum hydrolysis conditions were determined. A preliminary study was initiated using apple hydrolysate and the fungus Tricoderma harzianum in order to explore and demonstrate their potential uses in bioethanol production. Chemical composition of pomaces was promising as fermentation media. The highest reducing sugar yield from the optimization step was 31%, 49%, 56% and 52% for apple, apricot, orange and peach pomaces, respectively under optimum hydrolysis conditions. Neither furfural nor hydroxmethylfurfural (HMF) were detected in hydrolysates. The highest bioethanol production (1.67 g/L) was obtained in 6 days in a non-static incubator using Tricoderma harzianum pregrown in minimal medium. It was demonstrated that selected pomaces holds potential for bioethanol production and can be eliminated without being potential waste problem to the environment, with economical return. Although, this work is an initial study in showing the potential of these pomaces and T. harzianum in bioethanol production, an extensive study on the optimization of fermentation parameters is recommended for further increase of bioethanol production.
INTRODUCTION
The search for alternative and sustainable energy sources has become very important since fossil fuels are used continuously to meet the majority of the world's energy demand, causing an increase in the concentrations of CO 2 in the atmosphere and raising concern for global warming. 1 Nowadays, bioethanol is accepted as an answer for this search, since it has the potential to provide significant and unique, economical, environmental and strategic advantages, including disposal of problematic solid wastes, less air pollution, reductions in greenhouse gas emissions, improving energy security and reduction in trade benefits. 2 3 Indeed, global bioethanol production showed 95% growth between the years 2000 and 2005 and doubled between 2005 and 2010. [4] [5] [6] In 2011 worldwide ethanol fuel production reached 84.6 billion liters with United States as the top producer followed by Brazil. In fact many countries have made it mandatory to blend at least 10% ethanol to current gasoline fuel. 7 Based on this, the search for alternative and more economical renewable resources in order to meet this demand are among the hot topics attracting many researchers today.
Bioethanol production has mainly three kinds of sources (sugary, starchy and cellulosic (lignocellulosic) materials), which rely on two kind of feedstocks; first and second generation feedstocks. Since first-generation feedstocks are also nutritional sources for living organisms and need redundant agricultural land, there are many problems regarding ethical concerns and favorable economics, leading severe limitations to starch and sugar-based ethanol production. 8 Second-generation feedstocks, on the other hand, do not raise such concerns since they are mainly wastes and are locally available and abundant. Most of the countries showed serious concern for developing renewable energy sources in an effort to ease the severity of unexpected energy shortages. 9 Alternatively, fruit industry could be considered as a suitable resource for the secondgeneration feedstocks, since it produces a great amount
In the present study, fruit pomaces (agro-industrial waste) as potential fermentation media was considered for bioethanol production by first determining its chemical composition and then optimizing the pretreatment conditions using dilute acid hydrolysis in order to obtain high reducing sugar yield (RSY) with minimum inhibitors. The optimization was performed by applying a two-staged experimental design. The first stage consisted of twolevel factorial design with four factors; temperature, acid concentration, solid-liquid ratio and time. Based on the results of the first stage, time and temperature were fixed in the second stage, which was a central composite design with two factors (acid concentration and solid-liquid ratio) employed in order to obtain the optimum levels. Finally, a preliminary fermentation experiment was carried out using optimized apple hydrolysate and the fungus Trichoderma harzianum in order to demonstrate their potential usage in the bioethanol production.
MATERIALS AND METHODS

Fruit Pomaces
Peach, apricot, apple and orange pomaces were obtained from "Konfrut Fruit Juice Concentrates and Purees, Denizli-Turkey" in ice bags and stored until usage at −18 C.
Microbial Source
The fungal strain Trichoderma harzianum (strain NRRL 31396) obtained from (USDA-ARS-US Dairy Forage Research Center, Madison) was chosen for bioethanol production using apple pomace under optimum pretreatment conditions.
Chemical Compositional Analysis of Fruit Pomaces
Protein: Gerhardt Kjeldatherm Digestion System KBL20S with TZ Controller and Vapodest 30S Rapid Steam Distillation Unit (Bonn, Germany) was used to determine the % protein content of samples using AOAC official method 920.152. 21 Measurements were repeated three times. Water activity a w : Water activity of the samples was determined in duplicates using a Rotronic HygroLab Benchtop Humidity Temperature Indicator (Bassersdrof, Germany).
Solids soluble and insoluble : AOAC official method 922.10 A 21 was used to determine water-insoluble solids and soluble solids. Data reported were averages of three measurements.
Ash: The ash content was determined in duplicates using AOAC 940.26 21 "Ash of fruits and fruit products" procedure.
Dietary fiber soluble and insoluble : Sigma Total Dietary Fiber Assay Kit was used for determination of soluble and insoluble dietary fiber content. The experiments were duplicated for each pomace.
Initial sugar: In order to determine the total initial reducing sugar content, 100 ml suspension containing 10 g of each pomace was autoclaved for 5 min at 105 C. Afterwards, the filtered liquid part was used for Nelson-Somogyi reducing sugar assay. 22 Data reported were averages of three measurements.
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Dilute-Acid Pretreatment with Phosphoric Acid
Phosphoric acid was chosen for dilute-acid pretreatment, since after neutralization of hydrolysates with NaOH, the salt formed (sodium phosphate), does not need to be removed from the hydrolysates and can be used as nutrient by microorganisms. All hydrolysis experiments were carried out in an autoclave (Hirayama, HA-300 MIV, Saitama-Japan) using 15 g of each pomace with the appropriate phosphoric acid concentration under the conditions specified in the experimental design (Table I) . Highest attainable temperature and time of the autoclave used in the study was limited to maximum 126 C and 40 min, respectively. The time required to reach the desired temperature was not taken into account nevertheless; it was unnoticeably short between 110 and 126 C. The holding time at the specified temperature was taken as the major parameter in the evaluation of the time effect on the hydrolysis. The time required to reach 110 C was the same for all samples. The liquid fraction of hydrolysates was stored at −18 C until use.
Analysis of Hydrolysates
Reducing sugar yield RSY : In the screening part, HPLC was used for the determination of sugars using a refractive index (RI) detector and a Biorad Aminex HPX-87P column equipped with an appropriate guard column. HPLC conditions applied were such as 20 L of injection volume, 0.6 ml/min of flow rate, 85 C and 50 C of column and detector temperature, respectively. The mobile phase was HPLC grade water. Hydrolysates were neutralized to pH 7 using calcium carbonate. Concentrations of each sugar were calculated by comparing the respective peak areas with the ones of the sugar standards using a standard curve. The total reducing sugar yield of the hydrolysate expressed as percentage, was calculated as the ratio of the sum of cellobiose, glucose, xylose, galactose, arabinose, mannose and fructose to the initial dry weight of the pomace. In the optimization part Nelson-Somogyi 22 reducing sugar assay was used in order to determine the RSY. No interference by phosphoric acid was observed in the experiments conducted (data not shown).
Furfural, hydroxymethylfurfural HMF and bioethanol: Furfural, hydroxymethylfurfural and bioethanol content of hydrolysates were determined using HPX-87H column with a flow rate of 0.6 mL/min. The temperatures of the column and RI detector were 65 C and 50 C, respectively.
FTIR-Spectroscopy Analysis: Hydrolysate samples of screening experiments were scanned using an FT-IR spectrometer (Perkin Elmer Spectrum 100 FT-IR spectrometer, Wellesley, MA) equipped with a deuterated tri-glycine sulphate (DTGS) detector. Samples were placed on a horizontal attenuated total reflectance (HATR) accessory with zinc selenide (ZnSe) crystal (45 deg. Trough Plate). The scanning was carried out at 4.00 cm −1 resolution and 1 cm/s scan speed. The number of scans for each spectrum was 32. All spectra were collected within the range of 4000-650 cm −1 wave number. The sampling crystal was cleaned and finally dried under nitrogen gas flow after each measurement. The measurements were repeated at least three times.
Statistical Analysis of FTIR: Spectral data was analyzed by using multivariate statistical techniques with SIMCA software (SIMCA P-10.5 Umetrics Inc. Sweden). Partial least square (PLS) regression was applied to hydrolysates of fruit pomaces to predict the concentration of several sugars (arabinose, glucose, galactose, fructose, xylose, cellobiose), soluble solids, reducing sugar content using whole spectral range.
Experimental Design and Statistical Analysis
The experimental design consisted of two stages; screening and optimization. In the screening experiments, the effect of temperature ( C), time (min), percent phosphoric acid concentration (v/v) and solid (dry fraction of pomace):liquid (solid fraction of pomace + added liquid) ratio (g:ml) represented as S:L ratio on the hydrolysis of fruit pomaces were evaluated by 2 4 factorial design with five replicates of the centerpoints using Design Expert Version 7.0 statistical software. The response variable was total reducing sugar yield (RSY) of the hydrolysis expressed in percentages. In the optimization experiments response surface method was used by applying central composite design, based on the results obtained in the screening experiments. Here, the factor variables were determined as acid concentration and solid:liquid ratio (S:L). Temperature was set at 126 C for apricot and orange and at 110 C for peach and apple pomaces. Similarly, time was fixed at 20 min for orange and 40 min for other pomaces. The levels and factors of screening and optimization are tabulated in Table I .
Analysis of data and generation of response surface graphics were done by Design Expert Version 7. After running the experiments and measuring RSY, a second order model including interactions was fitted to the response data:
where Y is the predicted response, k is the number of factor variables, 0 is the model constant, i is linear coefficient, ii is the quadratic coefficient, ij is the interaction coefficient. X i is the factor variable in its coded form.
The following equation was used in order to determine the coded variable (X):
Fermentation
Fermentation was carried out in two steps; aerobic pregrowing step and anaerobic bioethanol production step. Pre-growing step: Two media were used for aerobic growth; a rich medium (yeast-peptone-malt extract; YPM) as described by Skory et al. 23 and a minimal medium (yeast nitrogen base medium; YNB) as described by Wickerham and Burton. 24 These two media (three replicates for each) were inoculated with conidia (∼ 1 × 10 7 , and incubated at 30 C at 170 rpm for two days. Mycelia and spores were extracted aseptically by centrifugation (3000 g for 15 min) and added to the hydrolysates in order to start the anaerobic part of the fermentation (bioethanol production step).
Bioethanol production step: Apple pomace hydrolysate was chosen as the fermentation medium. According to the optimization results, temperature of 110 C, 40 minutes and 4% acid was chosen as the hydrolysis conditions. 1 g/10.5 ml solid-liquid ratio was chosen to get at least ∼ 25 g/L sugar in the hydrolysates. Hydrolysates were filtered, neutralized to pH 4.5 by NaOH, filtered again, sterilized at 121 C for 15 min. Forty ml of hydrolysate was added into 50 ml flasks in order to leave ∼ 20% of the culture flask volume as air space. After aseptic inoculation, plastic paraffin film was used to seal the flask and a silicone-tubing (1 6 × 1 6 = 4 8 mm), packed tightly with cotton was vented trough the paraffin film. Flasks were incubated either statically in a standard or a CO 2 incubator (to compare the effect of fully anaerobic and partially anaerobic conditions), or were shaken at 170 rpm in a standard incubator. The incubation temperature for each incubator (CO 2 , shaking and static) was set to 30 C. First sample was taken on the fourth day and proceeding samples were taken daily until the 14th day. Bioethanol, main sugars (xylose, galactose, mannose and arabinose) furfural and HMF in samples were determined by HPLC. Reducing sugars were determined according to method and data were reported as the averages of three measurements.
RESULTS AND DISCUSSION
Results of Chemical Compositional Analysis of Fruit Pomaces
According to the chemical compositional analysis (Table II) , orange pomace had the highest initial reducing sugar (33.89%), followed by peach and apricot (∼ 22%) and the lowest being for apple (6.25%). On the other hand, apple pomace had the highest total solid content, which suggested that it might have higher sugar content after a pretreatment since it contains cellulose, hemicellulose and lignin in its solid fraction. In fact this was confirmed by the total dietary fiber content being the highest among the others. According to the HPLC results glucose and fructose were identified as the dominant sugars in orange, peach and apricot (data not shown) whereas; arabinose was the main sugar in apple pomace. (An example for a typical HPLC chromatogram is presented in Fig. 1 for apple pomace hydrolysate.) The presence of fermentable sugars in significant amounts together with proteins can serve as essential nutrients for the growth of microorganisms and place pomaces as potential candidates to be used for this purpose. In fact the composition of pomaces can vary according to fruit variety used and the type of the process applied for juice extraction. 25 Nevertheless, as it is evident from Table II, considering overall the chemical components of the fruit pomaces, they definitely posses certain potential for various industrial fermentations especially involving fungal organism due to their low water activity content and complex nature.
Statistical Analysis of the Experimental Results
The screening and optimization results of the process parameters for the pretreatment of various pomaces with the response variable as the total reducing sugar yield (RSY) of the hydrolysis (expressed in percentage) are
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Dilute-Acid Hydrolysis of Apple, Orange, Apricot and Peach Pomaces as Potential Candidates Table II presented in Table III . All the screening and optimization results are discussed below for each pomace, independently. Four verification experiments were carried out at the predicted optimum conditions for apple, orange and peach pomaces.
Screening and Optimization of Process Variables for the Dilute Acid Hydrolysis of Apple Pomace
The screening and optimization results for the dilute acid hydrolysis of apple pomace are presented in the ANOVA table (Table IV (a)), which indicated that, the model for screening part was highly significant at high confidence level (p-value < 0.0001). This was evident from the low probability p-values and computed F -values, which are statistically valid measures of how well the factors describe the variation in the mean of data. These values suggested that the factors explain adequately the variation in the data about its mean, and the estimated factor effects were in fact real. According to this table, the factors significantly affecting the RSY in the screening step were time (X 4 and the interaction of time and temperature (X 34 followed by temperature (X 3 (p-value < 0.05). The effect of S:L ratio (X 1 and acid concentration (X 2 were not significant (p-value > 0.05) on the RSY, however according to our experience it is known that X 1 and X 2 were important factors that should not be eliminated but their investigated levels should be revised. Therefore X 1 and X 2 were added Dilute-Acid Hydrolysis of Apple, Orange, Apricot and Peach Pomaces as Potential Candidates Ucuncu et al. to the model and their new levels were decided for the optimization step. The R-squared value of this screening model indicated that 88.6% of the total variables were explained by the model. The plot of the interaction between X 3 and X 4 indicated that at the levels of 110 C and 40 min, RSY was explicitly high ( Fig. 2(a) ). Therefore, X 3 and X 4 parameters of the process were fixed at these levels in the optimization of apple pomace. As can be seen in Figure 2 (a), RSY production reduced dramatically at 126 C for 40 min., which is a relatively harsh condition. This is probably due to the conversion of the fruit sugars into secondary metabolites other than HMF under excess time and temperature. This fact revealed the importance of the investigation of the interactions between the factors. Considering X 1 and X 2 , there was only a slight increase in the RSY at the lower ratio of X 1 (1 g/9 ml) and higher concentration of X 2 (3%) at the fixed values of 110 C and 40 min (data not shown). Therefore, the level of X 1 was enlarged towards the lower ratios, whereas the levels of X 2 were enlarged towards the higher concentrations for the optimization step.
The ANOVA results of response surface model (optimization) demonstrated that the model was significant due to a p-value of 0.0014. It was seen that (Table IV(a)) X 2 has an important effect on the RSY with a very low p-value (0.0006). Additionally, it had strong interaction with the X 1 between the investigated levels. Final equation in terms of coded factors is given below.
RSY of apple pomace = +19 37 + 0 79
According to the response surface plot (Fig. 2(c) ) the optimized conditions to obtain high amount of RSY were at higher concentrations of X 2 (4%) and lower ratios of X 1 (1 g/10.5 ml). It should be noted that acid concentrations higher than 4% may lead to decomposition of liberated sugars through the secondary reactions and cause the formation of furfural and HMF, which is not desired for microbial fermentations. 26 27 Moreover, lower S:L ratio (< 1 g/0.5 ml) may require excessive volume in the process area, increasing the cost of the process. The increase of RSY at these levels might probably be due to the effective diffusion of acid through the solid part of the hydrolysate. The current study achieved a 5 fold increase from initial reducing sugar of 6.25% to 31.35% RSY, as a result of screening and optimization steps. In a citric acid production study performed by Song et al. 28 reducing sugar level of 36.3% could be achieved under the optimum conditions after an enzymatic hydrolysis (by cellulase) of the apple pomace, whose initial reducing sugar was 19.22%. Furthermore Ma et al. 29 also studied cellulase pretreatment of apple pomace and achieved 27.7% net increase of reducing sugars. Dilute-acid hydrolysis of apple pomace is an effective treatment prior to enzymatic hydrolysis since the cost of enzymes are higher and the time required for acid hydrolysis is much lower than that for enzymatic reactions. 30 The maximum sugar yield (around 36.3% with 5 fold increase) in the current study is very promising, considering that mild conditions were used without the formation of inhibitory compounds.
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According to ANOVA added to the model based on similar discussions provided previously. Therefore, their new levels were revised in the optimization step. One factor plot of temperature indicated that 126 C led to high RSY (not shown). Moreover, higher RSY could be obtained at 1% acid concentration and 20 min according to the plot (Fig. 2(b) ) showing the interaction of time and acid ratio (X 24 at 126 C, and 1 g/8 ml S:L ratio. In fact, RSY level was lower when orange pomace was treated with higher concentration of acid (3%) for 20 min
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Dilute-Acid Hydrolysis of Apple, Orange, Apricot and Peach Pomaces as Potential Candidates (Fig. 2(b) ). The interaction between the acid concentration and time was not so pronounced at higher acid concentrations compared to lower concentrations. This revealed that sugars of orange pomace were converted into reducing sugars at higher concentrations at shorter time and longer time did not effect the RSY value. However, at lower acid concentration time factor was significant on the hydrolysis and the mild conditions as (1% and 20 min) lead to the highest RSY. Prolonging the time at this acid concentration possibly led to the formation of side products (not assayed) formed from reducing sugars. Furthermore, there was only a slight decrease of RSY at the lower S:L ratio (1 g/9 ml) in comparison with the higher ratio of X 1 (1 g/7 ml). Therefore in the optimization step, X 3 and X 4 were fixed and X 1 and X 2 were extended as shown in Table I . The ANOVA results of the response surface model (optimization) demonstrated that the model was significant due to a p-value of 0.0018. None of the single factors showed significant effect on the model. However, quadratic effect of S:L ratio (X Table III it is observed that the 10th experiment showed the highest RSY (56.66%) under the conditions of 126 C, 20 min, 1 g/3.38 ml S:L ratio and 2.81% acid concentration. This corresponded to 1.67 fold increase considering the initial reducing sugar content of orange pomace (33.89%, Table II ). Based on these, it can be deduced that the screening and optimization steps in fact increased the RSY. Talebnia et al. 31 studied orange peel saccharification by dilute sulphuric acid hydrolysis and found the optimum conditions as 116 C, 0.5% sulphuric acid, 6% solid concentration and 12.9 min, leading to 41.8% total sugars and 2.6% HMF. Furthermore, the study indicated that higher temperatures (140, 180 and 210 C) did not improve the yield of total sugar values of orange peel, since hydrolysis of pectin and galacturonic acid could not be detected. Similarly, an increase in total solid concentration led to decrease of RSY. Although there was an increase in RSY at low levels of solid concentration in the current study, it was found out that high S:L ratio (1 g/3.38 ml) resulted in higher RSY, leading to less volume space, low cost and easier operation of the process. Although an increase in the acid level from 0 to 2.81% (at high S:L ratio, 1 g/3.38 ml) was slightly effective in releasing sugars from both hemicellulosic and cellulosic fraction of orange pomace, this did not show a critical significance as depicted in the Figure 2(d) . X 2 1 (due to its quadratic nature of the plot) turned out to be the major factor affecting the hydrolysis positively. It should be noted that higher S:L ratios than 1 g/3 ml may not be feasible, since the liquid fraction is not extractable from the hydrolyzed material. 32 
Screening and Optimization of Process Variables for the Dilute Acid Hydrolysis of Peach Pomace
Since the model obtained from the screening study was not significant (Table IV(c)) , the ANOVA table could not be used as the basis for the determination of the factors for the optimization step. Instead single runs presented in Table III were analyzed in order to determine the important factors for the optimization step. For example, the highest sugar conversion (29.22%) was obtained in 20th run, in which the conditions were 120 C, 30 min, 1 g/8 ml S:L ratio and 1.75% acid concentration. There was only a slight difference between the RSY of 20th and 13th experiment, therefore the conditions of 13th was preferred with respect to its lower acid concentration and temperature. Based on these, the temperature and time (X 3 and X 4 were fixed at 110 C and 40 min for the optimization step and X 1 and X 2 were enlarged as in Table I . It can be clearly deduced from the ANOVA table (Table IV (c)) of the optimization step and response surface graph presenting the interaction of X 1 and X 2 ( Fig. 2(e) ), that S:L ratio (X 1 did not play an important role on the RSY. This can be considered as an advantage for a hydrolysis process, because the fruit pomace batches supplied to fruit juice manufacturer may show variation in the requirement for S:L ratios, due to the seasonal and/or operational differences. Therefore, any S:L ratio between the ranges investigated can be combined with an acid concentration of 1.7% in order to obtain a maximum RSY. Final equation in terms of coded factors is given below.
RSY of peach hydrolysates
As a result the decisive factor on RSY for the hydrolysis of peach pomace is the concentration of the acid used (p-value 0.0079). To best of our knowledge there isn't any literature on the peach pomace hydrolysis in order to compare the results of the current study. That's why these results will serve as an initial study contributing to the literature and closing the gap to some degree.
Screening and Optimization of Process Variables for the Dilute Acid Hydrolysis of Apricot Pomace
According to the ANOVA results of apricot pomace (not given) in the screening step, single factors had no significant effect on the model, which was different from screening results of other pomaces. Temperature was significant in the form of interaction (X 123 with a p-value of 0.0236 unlike the results of other pomaces, where temperature has been significant as a single factor. Indeed, Talebnia et al. 31 determined that temperature together with acid concentration showed highly significant effect on optimization of citrus wastes saccharification by dilute-acid hydrolysis. Here, acid concentration on the contrary had no single Dilute-Acid Hydrolysis of Apple, Orange, Apricot and Peach Pomaces as Potential Candidates Ucuncu et al.
significant effect but was significant in the form of interactions with other factors (X 12 , X 24 and X 123 . The model, significant with a probability value of 0.0053 was reliable due to high coefficients and non significant Lack of Fit (R 2 = 0 85) value. The highest RSY (34.39%) was obtained under the conditions described in the 16th experiment (1 g/7 ml X 1 , 1% X 2 , 126 C and 40 min) (Table III) . Higher temperature showed higher RSY in many experimental runs similar to longer exposure times. Moreover, the interactive terms involving time were highly significant. Therefore, in the optimization step, temperature and time factors were fixed at 126 C and 40 min, respectively. Both low and high levels of X 1 and X 2 showed an increase in RSY whereas the centerpoints of these two factors led to decrease in RSY. In order to determine if there were higher responses beyond the levels studied in the screening step, the levels of X 1 and X 2 were expanded in the optimization step (Table I ). In the optimization study of apricot pomace a significant model could not be obtained, since none of the factors and neither their first or second order interactions showed significant effect on the model. The reason of this might be that the responses were close to each other. The range of the obtained results was 24% at minimum and 49% at maximum and more importantly these results were predominantly located between 41.25 and 43.75%. Nevertheless, in the 10th experiment, the highest yield of RSY (49.16%), which was 1.42 times higher than the maximum RSY (34.39%) of screening step (16th run), was achieved under the conditions at which 126 C, 40 min, 1 g/5.67 ml S:L ratio and 2.5% acid were applied. Even though a significant model could not be obtained, the RSY values were satisfactory that allows the producer to work with a tolerable range of S:L ratio of the pomace and acid concentration. This is an important point thus there is a strong possibility that the supplied pomaces may have variable solid-liquid ratio due to the differences in the fruit manufacturers and seasonal factors.
In order to validate the adequacy of the model equations a total of 4 verification experiments were carried out at the predicted optimum conditions for orange, apple and peach pomaces (Table V) . The overall margin of error was 14.47% for apple pomace, 15.21% for peach pomace and 15.87% for orange pomace.
Overall the screening and optimization study for individual pomaces indicated that the hydrolysis condition for each pomace has to be specified independently and can vary according to the source of the pomace. Therefore, the results of this study can be very informative for manufacturer of fermentation industry, who would like to make use of these pomaces. Besides, this study also demonstrates the fermentative potential of pomaces due to their high RSY obtained from the optimized dilute acid hydrolysis. Also it provides an alternative solution for waste treatment of pomaces and creates an economical return. 
Analysis of Hydrolysates
Furfural and HMF: Furfural and HMF are decomposition products of pentoses and hexoses. The formation of furfural is a first-order reaction, where both temperature and acid concentration affects the reaction constant. On the other hand formation of HMF during dilute-acid hydrolysis consists of sequential reactions. The first reaction involves the hydrolysation of cellulose and hemicellulose to hexose monomers, where the second reaction involves decomposition of liberated hexoses to HMF. According to Saeman, 33 these two reactions, which are influenced by temperature and acid concentration, are both first-order reactions and possess rates of similar magnitude, due to kinetics of these two reactions for lignocellulosic materials. Moreover, hydrolysis time longer than optimum, enhances the speed of the second reaction and leads to a decrease in total sugar liberation. According to Talebnia et al., 31 who studied the optimization of citrus waste saccharification by dilute-acid hydrolysis, the effect of time was not significant on RSY, while it represented a significant effect on the formation of HMF. This makes the variable 'time' one of the important factors for the hydrolysis.
According to HPLC results of the current study, none of the hydrolysates contained furfural or HMF. This is a great advantage for a fermentation media, since these compounds show inhibitory effects on microorganisms. This result could be partly related to phosphoric acid which is a much milder acid than H 2 SO 4 bringing the advantage of using higher concentrations attacking larger surface areas and leading to higher decomposition of lignocellulosic material. Furthermore pectin was not hydrolysed in this study, and therefore no galacturonic acid peaks were detected through the HPLC analysis (data not shown). Due to inductive and conformational effects, the glucosidic bonds between galacturonic acid units were probably too resistant to phosphoric acid hydrolysis. 31 Moreover the lack of furfural and HMF could also be explained by the low concentration of arabinose in the hydrolysates,
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FTIR Analysis of Pomace Hydrolysates
Using FTIR could be significantly advantageous to simultaneously predict the sugar profiles, soluble solid content and reducing sugars of various fruit pomaces. Therefore, hydrolysate samples of screening experiments were scanned using FTIR spectrometer. A sample FTIR spectra for apple pomace treated at various conditions are shown in Figure 3 . Detailed assignments regarding FTIR absorption bands for apple juice is provided by Kelly and Downey. 36 Same type of absorption bands were also observed for apple pomace samples. The peaks in the range of 1400-900 cm −1 are mostly associated with sugars and peak around 1725 cm −1 is attributed to C O bonds of organic acids. Partial least square (PLS) analysis was used to predict the concentration of several sugars, reducing sugar content and soluble solids (Y variables) in hydrolyasate samples using FTIR data as X variables. Total number of samples for each fruit hydrolysates was 21. Since the number of samples were limited it was not possible to use a validation set; therefore, crossvalidation approach was preferred. Application of second derivative transformation to data improved the goodness of models except for apple samples. There was no need for data pretreatment for apple pomace samples. PLS models developed for apple pomace had R 
Notes:
* replicate numbers were given in materials and methods section.
High R 2 values and slope values close to 1 mean good prediction value of the model. Statistical analysis results showed that FTIR has the potential of predicting the sugar profile, soluble solids and reducing sugar content of different fruit pomaces. However, developed models could be improved further by analyzing more samples for each fruit and also using more fruit varieties.
Investigation of the Potential of Apple Pomace
Hydrolysate in the Production of Bioethanol Using Trichoderma harzianum
The direct fermentation of cellulosic biomass to ethanol has long been a desired goal, in order to lower the costs associated. Some filamentous fungi hold promise in this area, since they posses some advantages; (i) they can be directly inoculated onto cellulosic biomass as they do not require strictly anaerobic conditions, (ii) they facilitate separation of cell mass from the broth, due to their filamentous growth habit, (iii) the inoculation in the forms of spores makes the inoculation of non-sterile biomass more practical. 37 There are several reports about filamentous fungi such as Aspergillus, Rhizopus, 23 Monilia, 38 Neurospora 39 and Fusarium, 40 that these fungi are capable of directly fermenting cellulose to ethanol.
In this study, for demonstration purpose the potential of apple pomace hydrolysate was investigated in the production of bioethanol using Trichoderma harzianum capable of fermenting microcrystalline cellulose or several sugars to bioethanol. This way, besides initial reducing sugars, remaining cellulosic compounds in hydrolysates could be fermented to bioethanol as well. Stevenson and Weimer 37 found that, since Trichoderma harzianum could not actively grow under anaerobic conditions, bioethanol production was increased by a vented pre-growth cycle to enhance the initial amount of mycelia used in the fermentation. Therefore, in the current study, a pre-growth cycle was applied in order to increase the mass of mycelia and initiate fermentation using apple pomace hydrolysate as fermentation medium, obtained from pretreatment under predetermined optimum conditions. In order to observe the effect of some physical and chemical conditions, fermentations were carried out in different incubators; static, shaking (at 170 rpm) and CO 2 incubators with cultures pre-grown in different media compositions such as rich YPM and minimal YNB.
Sugar profiles during the fermentation period, carried out in the CO 2 , static and shaking incubators were presented in Figures 4(a)-(c) . It was reported by Stevenson and Weimer, 37 that microorganism do not produce notable bioethanol during the first four days of fermentation. Based on this, measurements were started at fourth day of incubation in order to reduce the number of samplings. It was observed from the plots that the microorganism was using the sugars in the hydrolysates and breaking down the cellulose into sugars, simultaneously. Bioethanol production profiles of fermentations carried out in each incubator are discussed briefly below as depicted in Figure 4(d) .
CO 2 incubator: According to the bioethanol profiles, after eight days of fermentation there was a little reduction in the production. Apart from that, the average bioethanol production remained almost invariably and lowest for the rest of the duration. There were not any significant differences between YPM and YNB pre-grown cultures regarding both bioethanol production and sugar consumption. Using CO 2 incubator caused adverse effect in bioethanol production in comparison to other incubators.
Static incubator: In the first eight days, YPM pre-grown cultures consumed sugars more effectively than YNB where this consumption reached its maximum at 8th day. That might be the reason why on the 8th day bioethanol production of YPM reached its maximum. However, the sugar consumption and bioethanol production of YPM and YNB were almost equal after 8th day, which continued to decrease. This was probably due to the over accumulation of mycelia, leading to inefficient mass transfer.
Shaking incubator: Since there was an efficient mass transfer of sugar compounds and a little O 2 access through silicone tubing in shaking incubator at 170 rpm, microorganisms were able to use sugars and other compounds much more effectively in comparison with other incubators. This led to greater ethanol production in shaking incubator. In day six, the highest bioethanol production in both YPM and YNB (1.17 g/L, 1.67 g/L respectively) cultures was achieved. However, YNB showed higher bioethanol production than YPM. The reason might be that there was higher biomass accumulation in rich medium than minimal medium, which reduced mass transfer on O 2 access, indicating that over accumulation affected bioethanol production negatively. After six days bioethanol production in both media showed a fast decrease. Surely, the reason for this might be that microorganisms might have used all of the sugars because of the efficient mass transfer for biomass production and were not able to produce more bioethanol. Another reason could be the consumption of bioethanol by microorganisms as a carbon source.
There are very few studies available, where apple pomace has been used in bioethanol production. These are performed mainly in solid-state fermentation mode under various conditions. In fact these studies reported a maximum bioethanol yield ranging between 2.08-8.44%. [41] [42] [43] [44] Indeed, a direct comparison with our current study, which has been done in submerged fermentation with apple pomace hydrolysate, could not be made. In a more closer study to ours, conducted by Stevenson and Weimer, 37 they achieved 5 g/L bioethanol in 20 days using Trichoderma harzianum in a fermentation medium containing 50 g/L glucose. Compared to this study, our current study has advantage of shorter fermentation time and using minimal pre-grown media and apple hydrolysate consisting of approximately 25 g/L sugar. In another study conducted by Nogueira et al. 45 who evaluated the alcoholic fermentation of the apple juice, apple pomace extract and pomace extract added with sucrose using Saccharomyces cerevisiae, they achieved 6.9%, 4.3% and 7.3% bioethanol, respectively. This study indicated that S. cerevisiae shows high bioethanol production in sugar rich media. However, using a mixture of T. harzianum and S. cerevisiae in a media, which contains less sugar and more cellulose like in our current study may greatly impact bioethanol production, due to the ability of Trichoderma degrading cellulose. An overall summary presenting these studies is tabulated in Table VI .
Although the current amount of bioethanol (1.6 g/L) obtained seems to be low, it can be further improved by taking into account other important process parameters in order to utilize the apple pomace more, effectively. These could be for example the pH of the medium, the strain type (with the possibility using genetic manipulations), using certain bioreactor designs, aeration and nutrient supplementation and solid state fermentation mode.
Overall this study demonstrated that apple pomace hydrolysate could be potential candidate for bioethanol production applying fungal organisms. It also indicated that other pomace hydrolysates could exhibit similar attributes. In fact this study opens up a new window for the utilization of agro-industrial wastes for value-added products. Furthermore, the environmental pollution due to these wastes is prevented and a return with economical gain and benefit to the society is obtained. In fact this study is just preliminary and needs to be optimized further with respect to fermentation parameters and possibly combining various fruit pomaces for maximum bioethanol production.
